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GCRAPTER 1 - INTRODUCTIGN AND PRGGRAM GOALS 
eA ee a a a a oe oo ab oo oe oo a a a 


TKE SGFTWARE FOR TEE EXPERIMENTAL TELEVISION CENTER CGMPUTER 
BASED VIDEG SYNTKESIZER IS DESIGNED TO SATISFY THE FOLLGWING CRITERIA.- 
FIRSTLYs THE SGFTWARE IS CONCERNED WITH GRAPKIC DESIGN AND COMPOSITION 
SECGNDLY» TRE SGFTWARE WILL BE ABLE TG ANALYZE AND SYNTHESIZE IMAGES». 
AND FINALLYs THE SOFTWARE PRGGRAM WILL REPRGGRAM ITSELF IN RESPONSE 
TO EXTERNAL STIMULAE- IN GRDER TG MEET THESE CRITERIA THE PROGRAM MUST 
BE REAL-TIME AND INTERACTIVE- THE ARTIST WILL CREATE IMAGES. AND 
SEQUENCES OF IMAGES IN DIALOGUE WITE TEE PROGRAM. 

IN WRITING THE SOFTWARE I HAVE WORKED FROM THESE DEFINITIONS. 
THE VIDEO SYNTHESIZER IS A GROUP OF PROGRAMMABLE MCGDULES FOR CREATING 
IMAGES. THE COMPUTER PROGRAMS THE MGDULES COMPRISING TEE SYNTHESIZER. 
TRE IMAGE CGNTAINS BOTH TEMPORAL AND SPATIAL INFORMATION WKICEK CONCERNS 
TEE ARTIST AND THE PRGGRAMMERe TKE IMAGE IS RESURRECTED EVERY FIELD 
( 1/62 SEC ) AND TEIS BECOMES THE TIME-BASE FGR THE PROGRAM.- NEW CONTROL 
PARAMETERS ARE TRANSFERRED TG THE SYNTHESIZER MODULES EVERY FIELD. 

A COMMON MISTAKE IN DEVELGPING NEW PROGRAMS IS TG BGRRGW FROM 
AND TO IMITATE RELATED MEDIA SUCK AS ELECTRONIC MUSICe I AM INCLUDING 
IN TEE PROGRAM COMMANDS TG EFFECT TEE ELEMENTS AND ATTRIBUTES OF GRAPEIC 
DESIGN SUCK AS: 


1. CREATING PGINTS »LINES AND BASIC SKAPES 

2- CREATING TEXTURES | 

3- DEFINING AREAS AND BGUNDARIES 

4e DEFINING CBJECT/FIELD RELATIONSEIPS 

5. CGNTROLLING VALUEs LUMINENCE AND. CONTRAST 

6. CONTROLLING GERGMAs SATURATIGN AND HUE 

7+ GREATING SEQUENCES GF IMAGES» TIMING PATTERNS 
&- CONTROLLING DENSITY 

Ge CONTRGLLING BALANCE AND SYMMETRY 

1@- CONTRGLLING DEPTHs SCALE AND PRGPGRTION 

11. CREATING FOCAL POINTS 
12. CREATING HKARMONYs REYTEM AND COUNTERPGINT 

13. CREATING MOTION: TRANSLATIGNs ROTATIGNs WARPS» ETC. 


THIS PECULIAR APPROACH TC DESIGNING SOFTWARE IS NECESSARY IN 
ORDER TO DEVELOP A PRGGRAM USEFUL TG THE ARTISTS A PROGRAM THAT SPEAKS 
THE ARTIST'S LANGUAGE. TEE TASK IS NGT AS HOPELESS AS IT APPEARS; THE 


 SGFTWARE DESCRIBED SG FAR RUNS ON EIGEK SCKGGL MATEEMATICS. IT DEPENDS 


ON TEE DEVELOPMENT OF SPECIALIZED HARDWARE TG CONTROL VARIGUS ASPECTS 
OF THE IMAGING PROCESS AND TG ANALYZE REAL AND PRERECGRDED IMAGES- ~ 
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USING SPECIAL PROGRAMS AND PROGRAMMING TECHNIQUES» THRE. COMPUTER 
WILL BE ENDOWED WITK A MINIMAL I1.Q- GN THE ARTIFICIAL INTELLIGENCE 
SCALE- THE COMPUTER WILL NOT RESPOND IN A TOTALLY PREDICTABLE WAYe TRE 
DEGREE GF UNPREDICTABILITY IS DETERMINED BY THE ARTIST. 

ENCLOSED WITH THIS REPORT IS A FIRST ATTEMPT AT A PROGRAM GF 
TEIS TYPEs THE IMAGING PRGCESS IS CONTRGLLED EITHER NUMERICALLY AS IN 
DON MCARTRUR'S XY GENERATGRs, OR WITH DIGITAL TG ANALGG CGNVERTERS. 
IMAGES ARE ANALYZED USING TEE ANALOG TG DIGITAL CONVERTERS+- FINALLY. 
THE ARTIST AND THE CGMPUTER CGNVERSE US ING THE TELETYPE AND ie REAL- 


TIME INTERFACE. 


TEE PROGRAM PGLLS A SET GF DATA BUFFERS ( RESERVED AREAS OF 
COMPUTER MEMORY ) EVERY FIELDe EACK DATA BUFFER CONTROLS A PARTICULAR 
HARDWARE MGDULE- THE DATA IN THEE BUFFERS 1S TIME DEPENDENT ALLOWING 
FOR THE CREATION GF COMPLEX TIMING PATTERNS USING THE PSESY AS THRE 
BASIC TIME UNIT. 

AT PRESENT GNLY THE SIMPLEST CONTRGL PARAMETERS ARE PROGRAMMED. 
I AM MODIFYING TEE PROGRAM TG ACCEPT TELETYPE INPUT IN REAL-TIME. 

THIS WILL ALLGW THE ARTIST TO TALK TG TEE PRGGRAM AND TO ea eter AND 
MODIFY IMAGES AS THEY ARE BEING GENERATED. 
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CFAPTER & - DESCRIPTIGN GF MAIN PROGRAM 
2 RR a a a A A a AE OR A RR RR 


S.1 EARDWARE CONFIGURATION 
26 2 2 oe 2 a a 2 a ak ak 2 a a a aK oo ao ao ok 


TEE FIRST PROGRAM WAS DEVELOPED FOR WGGDY VASULKA WHO USES 
AN LSI-11 MICROCOMPUTER INTERFACED TO VIDEG SYNTHESIS MODULES INCLUD- 


‘ING DIGITAL TG ANALOG GOGNVERTERS ( D/A'S )s ANALGG TG DIGITAL CGNVERTGORS 


( A/JL'S ds DON MCARTEUR'S MODULES DESCRIBED ELSEWKERE IN THIS REPGRT. 
JEFF SCRIER’S ALU MODULES AND GEGRGE BROWN'S MULTIPLE LEVEL KEYER. 

TEE D/A'S AND al ARE GGNTROLLED TERGUGEK FOUR WGRDS IN 
MEMORY AS FCLLOWS: 


le LEWSTA STATUS WORD 167772 


ce LEWOUT GUTPUT WORD | 167772 
3e¢ LEWIN INPUT WGRD 167774 


4e LEWCHA CHANNEL ADDRESS 167776 
_ \ 


MCARTEUR'S MODULES ARE CGNTROLLED TERGUGH TEE BUFFER MEMORY 
WKICK APPEARS AS NGRMAL MEMGRY TG TEE PROGRAM. ANY LGCATIGN IN BUFFER 
MEMORY CAN BE READ IN GR WRITTEN TGs AND ARITEMETIC AND LOGIC GPERATIGNS 
CAN BE PERFORMED TEEREUPONe TKIS TECHNIQUE OF ” MEMGRY-MAPPED I/6 " 
MAKES TREE PROGRAMMER'S LIFE MUCK EASIER AND BESIDES IT°S @QUICKs IMPORT- 
ANT BECAUSE ALL MGDULES MUST BE UPDATED IN LESS THAN 1/6@ SEC+- CGNTRGL 
WORDS FOR MCARTEUR'S AND SCEIER'S MODULES ARE LOCATED IN THE UPPER 
REACHES OF MEMORY AS FOLLOWS: | 


1- DONOGUT RED 16:1 SELECT 171242 


ee DONOUTtE GREEN 16:1 SELECT 171@4ze 
Se DONGUT+4 BLUE 16:1 SELECT © 171244 
4-2 DONGUT+6 INVERSIGN REGISTER 171246 
Se LEDS LED DISPLAY 171512 
6+ DONIN REAL TIME INPUT 171622 
7+ DONSTA STAUS REGISTER 171776 
Ge dJEFOUT — RED ALU 1711? 
Ge JEFGUTtE GREEN ALU 171i1@2 
1@- JEFGUTt4 BLUE ALU) 1711¢@4 
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aea INITIALIZATION 
TR ab A a aie ok ak ak ak a ak ak ak ok ak 


éeZel GLGBALS AND SYSTEM MACRGS 
AH IIE OK aOR aI Oak ak ak aok 


THE FIRST STEP IN THE PROGRAM IS TO INITIALIZE TEE MGDULES GONE 
BY GONE SETTING EACE TG ITS NGRMAL DEFAULT CONDITION. KGWEVER THERE'S A 
LITTLE HOUSEKEEPING TO BE DONE. TEE TABLES AND DATA BUFFERS ARE DECLARED 
AS GLOBAL VARIABLES WHICGE ALLOWS TEEM TG BE ASSEMBLED SEPERATELY FROM 
TEE MAIN PROGRAM. THIS IS DONE WITH TRE FOLLGWING STATEMENT: 


 eGLOBL TABLES. EBUFs DBUF 


| MORE ABGUT TEESE TABLES AND DATA BUFFERS IN CHAPTER 3+ NEXT THE 
SYSTEM MACROS ARE INVGKED WITH THE FOLLOWING STATEMENTS: - 


1) BEGIN: eMCALL 00 VGees sREGDEFs EXIT 
_ seve 
3) eREGDEF 


TEE LABEL BEGIN IS USED BY THE LINKING LOADER TO IDENTIFY THE 
ENTRY POINT TG THE MAIN PROGRAM. THIS IS DONE USING TEIS STATEMENT AT 
TEE END GF THE PROGRAM: | < | 


e END BEGIN 


THE «eVEe5 MACRG IDENTIFIES TRE MGNITGR SYSTEM USED BY TRE LSI- 
ll. THE »-REGDEF MACRG DEFINES TREE LSI-11'S INTERNAL REGISTERS USING © 
TWO CHARACTER MNEMONICGS AS FOLLOWS: ° 


le R@& GENERAL PURPGSE REGISTER 
&« Rl GENERAL PURPGSE REGISTER 
3* R& GENERAL PURPOSE REGISTER 
4. R3 GENERAL PURPOSE REGISTER 
S* R4 GENERAL PURPGSE REGISTER 
6¢ RS GENERAL PURPOSE REGISTER 
7+ SP STACK POINTER REGISTER 
&- PC PROGRAM COUNTER REGISTER 


NO OC] D> G) 1) = R 





Pad 
Geeelt 


DIGITAL TG ANALGG CONVERTERS 


aia a ae a ae oe ae ake a ic a ok akc ok oa a ok aK ok ok a aK a ab ok ak a ok a ok teak aa 


THUS: 
>) 


6) 


CHANNELS NUMBERED @-7+ THEREFORE WE SET REGISTER @ EQUAL TO 8» OR OCTAL 


NOW WE'RE READY TO INITIALIZE THE D/A'S WHICK IS ACCOMPLISHED 


BGNI: 


MOV 
MOV 
DEC 
MGV 


ToT 


BEQ 


HIRE? sEXLEWOUT 


#17sR¢Z 
RZ 


RY»@*¢LEWCHKA 


Rg 


BGN] 


TRE FIRST LINE GF CGDE MOVES TKE OCTAL NUMBER I@@@@@2@ TG TEE 
OUTPUT WORD IN MEMGRY WKICK CONTROLS THE D/A'S+- THIS CAUSES THE D/A 
TO OUTPUT A CONSTANT ZERG VGLTS ¢ +1@V= 1777@@ AND -1@V= @ )- TEE 
PREFIX # DEFINES A REAL NUMBER» AND THE PREFIX @# DEFINES A LGOCATIGN: 
IN MEMORYe KOWEVER TEE DATA TRANSFER IS NOT CONSUMMATED UNTIL THE D/A 
CHANNEL IS ADDRESSED TERGUGK THE CHANNEL ADDRESS WORD. THERE ARE & D/A 


ig (LINE 2). 
6 ) AND AT TKE SAME TIME ENABLE THE B/A'S BY MOVING TEE CONTENTS OF 
REGISTER @ TG THE CHANNEL ADDRESS WORD € LINE 4 ).- 


THEN WE COUNT DOWN REGISTER @ WITE A LGOP ( LINES 3.45 AND 





SeEe3 BUFFER MEMGRY 
oer er rT ST err Te TS ff 


AND WE INITIALIZE THEE BUFFER MEMGRY AS FGLLOWS: 


1) MGV #ULONGUT.R¢ 


2) CLR CRE D+ 
3) CLR CRE D+ 
A) CLR CRE)+ 
5) CLR CRED + 
6) MOV # CEFGUT. RE 
7) CLR RZ D+ 
€> = GLR CRE D+ 
5) CLR RED 


THIS CODE USES ‘TRE AUTO- INCREMENT MGDE GF ADDRESSING (R)+ - 
LINE 1 MOVES #DGNOUT ( 171@4@ >) INTO REGISTER @- TEEN WE CLEAR THAT 
MEMORY LOCATION AND ADD +2 TG REGISTER & WHICH NOW POINTS TO THE NEXT 
WORD IN MEMORY (€ LINES 2-5-)+« THIS SETS THE RED» GREEN AND BLUE 16:1 
SELECT CHANNELS TO BLACK AND THE INVERSION REGISTER TG NORMAL OR NGN- 
INVERTING. SIMILARLY THE ALU'S ARE SET TO PASS RED »GREEN AND BLUE 
RESPECTIVELY ¢ LINES 6-S de : 





} 


; 


Ge2e4 DATA BUFFER CONTRGL 


EK a a a a a a ae aK a a a ah a a a A RK 
- TRE MAXIMUM NUMBER OF DATA BUFFERS IS SET: 
MGOVB #E7sTMRY 


THAT IS» TKE PROGRAM TOLERATES NG GREATER THAN 16 BUFFERS 
€ GOTAL G@ d« TEIS FACT IS RECORDED IN THRE BYTE LABELLED TMRY- 
EACH DATA BUFFER IS ASSOCIATED WITH FOUR PARAMETER WORDS AND © 
THESE 64 WORDS (€ 4*64 ) ARE KEPT IN TRE PARAMETER BUFFER PGBUFe WE 
INITIALIZE THIS BUFFER AS FGLLGWS: . 


Do MOV *PBUFRE 
) SUB #12sRe 

3) - BGN@: CMPB TMRX» TMRY 
4) BPL TMR 

5) INCB TMRX 

6> ADD W1SRE 
7) CLR CRED 

&) MOV W1s2CRE) 
$) MOVE § TMRXsR1 
1¢@) DEC R} 

11) SWAB R1 

12) ADD © #DBUF.sR) 
13) MOV R1s4¢(RE? 


14) GLR —6CRE) 
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15) | BR BGNE 


16) PBUF: oH eo 4202 


AGAIN WE USE A LOGP: WE SET REGISTER & TO THE LOCATION OF | 
PEUF (€ LINES 1 AND & )- NOTE PBUF IS CREATED BY CAUSING TEE PRGGRAM 
COUNTER (€ - ) TG SKIP OVER 64 WORDS OF MEMORY ( LINE 16 )« THE LGOP 
Is CONTROLLED BY TMRX AND TMRY- TMRX COUNTS UP TG TEE MAXIMUM NUMBER 
GF DATA BUFFERS» THEN A BRANCE TG THEE NEXT BLOCK GF CGDE IS EXECUTED 
€ LINES 35425 AND 15 )- THE FGUR PARAMETER WGRDS ARE: 


le TIMING CCUNTER 
2s TIMING INTERVAL 
3° POINTER TG DBUF 
4e DATA WORD 


THE FIRST WORD IS GLEARED € LINE 7 )e THE TIMING INTERVAL IS SET 
TO A SINGLE FIELD ( LINE & )- NEXT ADDRESS GF THE DATA BUFFER IS CALCU- 
LATED AND PUT IN TEE TEIRD WORD ( LINES $-13 )+« TKERE ARE 16 DATA 
BUFFERS EACK CONTAINING 128 WORDS. TEEREFOR THE PGINTER IS SET INITIALLY 
AS FOLLOWS: 7 te | | | 


POINTER= #DBUF+(256*(TMRX-1)) 


TEIS FORMULA IS CODED FROM RIGHT TG LEFTe IN LINE $ TMRX IS | 
MGVED INTO REGISTER 13 THE DECREMENT INSTRUCTION IN LINE 1¢ SUBTRACTS 
1 FROM TRE REGISTERS’ THE SWAP BYTE INSTRUCTION IN LINE 11 EFFECTIVELY 
MULTIPLIES THE REGISTER BY 256 ( EQUIVALENT TO 8 LEFT SHIFTS )3 DBUF IS 
ADDED TG REGISTER 1 IN LINE 12 AND FINALLY IN LINE 13 THE RESULT IS’ © 
STORED IN THE PARAMETER BUFFER USING THE INDEXED ADDRESSING MODE 
X(R) THE CONTENTS OF TKE REGISTER PLUS TKE INDEX PRODUCE THE EFFECTIVE 
ADDRESS. | | 





te, 


2°<3 -TIMING ROUTINE 
We a ae a a a a a a 


GeSel INTERRUPT SERVICING 
a A a a a a ak kk a a 


FROM EKERE WE GG TG THE TIMING ROUTINE ( TMR )»- THIS RGUTINE EN~ 
ABLES TEE 1/6@ SEC INTERRUPTs AND EVERY 1/6€ SEC POLLS THE PARAMETER 
BUFFER CHECKING FOR TIME OUTS (¢ TIMING COUNTER EQUAL TIMING INTERVAL )- 
IF A DATA BUFFER TIMES GUT A BRANCH TO THE NEXT BLOCK GF CODE IS 
EXECUTED. 

TREE BUFFER MEMGRY TRANSFERS DATA TG TEE MGDULES DURING TEKE 
VERTICAL INTERVAL BETWEEN EACH FIELD GF VIDEG.e THEN THE BUFFER MEMORY 
GENERATES AN INTERRUPT TELLING THRE COMPUTER TO GET WORKING GN DATA FOR 
THE NEXT FIELD. THIS INTERRUPT IS ENABLED OR DISABLED WITK THRE STATUS 
WORD DGNSTA+ IF THEE STATUS WORD EQUALS |! TEE INTERRUPT IS ENABLED; IF 
¢@ THEE INTERRUPT IS DISABLED. SG MUCK FOR THE BUFFER MEMORYS THE LSI-11 
HANDLES INTERRUPTS THUSe THE COMPUTER INTERRUPTS ITS NGRMAL FLOW GF 
CPERATIONS AND AS A PRECAUTIGN PUSHES TEE CURRENT PROGRAM CGUNTER ( PC 
OR REGISTER 6 ) AND THE PROGRAM STATUS WORD ( PSW ) ONTG TEE STACKe THE 
STACK PGINTER ( SP ) IS DECREMENTED BY 4- THEN TEE CGMPUTER GOES TO A 
PREDETERMINED LOCATION IN MEMORY (€ IN THIS CASE LGCATIGN 17@ ) AND USES 
TEE CONTENTS AS TEE NEW PRGGRAM CGUNTER ( PG )+ EXECUTION BEGINS ANEW 
FROM TEE LOCATION POINTED TG BY @#717¢-+ USUALLY TEIS IS AN INTERRUPT 
SERVICE ROUTINE, HKGWEVER I HAVE TAKEN A&A SEGRTCUT AS EXPLAINED BELGW.. 


1)>° | ‘TMR: MOV ¢TMR12@4172 
2) CLRE TMRX 

3) INC €#DONSTA 

4) | BR : 

5) TMRI: CLR €#DONSTA 


6) ADD 4s SP 





IN LINE 1 WE PREPARE FGR THE INEVITALBLE INTERRUPT BY LOADING 
LOCATION 172 WITK TEE LOCATION #TMRIS TKE LOCATION WEERE WE WILL RESUME 
EXECUTIGN. NEXT THE BUFFER COUNTER ¢ TMRX ) IS CLEARED AND TEE INTER- | 
RUPT IS ENABLED ( LINES € AND 3 ). WE WAIT FOR THE INTERRUPT BY EXECUT<- 
ING THEE BRANCH INSTRUCTIGN ON LINE 4e FOLLGWING THE INTERRUPT WE RETURN 
TG LINE 5 AND DISABLE FURTHER INTERRUPTS BY CLEARING TEE STATUS: WORD IN 
TRE BUFFER MEMORY. THEN IN LINE 6 WE DO SOME HOUSEKEEPING, RESTORING © 
TEE STACK PGINTER ( Sp ) | | 
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POLLING TKE DATA BUFFERS 


2 2 2 a a ke 2 i ic a 2 aK OK aK Re aK a KR oo a aa 


WE ARE NOW READY TO POLL TKE DATA BUFFERS: 


TMRE: 


TMRS: 


TMRX: 


TMRY: 


MOV 
SUB 
CMPB 
BPL 
INCE 
ADD 
MOVE 
DEC 
ADD 
TSTE 


BEQ 


ING 


CMP 
BLE 
CLR 
JSR 


BR 


eBYTE 


BYTE 


«PBUF.RZ 
#12>RG 
TMRXs TMRY 
TMR 

TMRX 
f1ZsRG 
TMRXs RE 
RE 


FEBUFs Re 
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AGAIN WE KAVE A LOGP SIMILIAR TO TEE LOGP USED TG INITIALIZE 
TEE PARAMETER BUFFER. LINES 1 AND & LGAD REGISTER @ WITH #¢PBUF-&. IN 
LINE 3 TEE COUNTER TMRX (€ INITIALLY @ ) AND TKE NUMBER OF BUFFERS TMRY 
ARE COMPARED. ASSUMING ALL TEE BUFFERS WERE CHECKED WE BRANCK BACK TG 
WAIT FOR THE NEXT INTERRUPT ( LINE 4 >). OTHERWISE WE INCREMENT REGISTER 
? BY 8 € LINE 6 ) AND GHECK THE ENABLE BUFFER ( LINES 7 TG I@ )« IF TRE . 
BUFFER IS DISABLED ¢( TKE CONTENTS GF LOCATION #EBUFtCTMRX-1) EQUAL @ ) 
WE BRANCH BACK TO TMRE ( LINE 11 )- IF TKE BUFFER IS ENABLED THE TIMING 
CGUNTER IS INCREMENTED ( LINE 12 ) AND COMPARED WITH TEE TMING INTERVAL 
C LINE 13 ). IF THE CGUNTER IS LESS THAN OR EQUAL TO THE INTERVAL WE 
BRANCE BACK TG TMRE € LINE 14 )+ OTHERWISE WE CLEAR THE TIMING COUNTER 
AND JUMP TO TEE INTERPRETER ROUTINE ( LINES 15 AND 16 )+ UPON RETURNING 
FROM THE INTERPRETER ( LINE 17 ) WE BRANCH BACK TO TMRE COMPLETING THE 
TIMING ROUNTINE. LINES 1& AND 1S RESERVE SPACE IN MEMGRY FGR THE 
BUFFER COUNTER TMRX AND THE NUMBER GF BUFFERS TMRY- 
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&e4 THE INTERPRETER 
EAE ah 2 a ae a ok ae ake ok a ok ae a a ak oo ak 


e4+1 SUBROUTINE CROSS-REFERENCING 
apa aie a ak a aK aie aK oak a ok aie ok aR 2k ok 2 ak ak ak oa aie eo a aK 2 oo ak ae a ok 


TEE INTERPRETER READS A COMMAND WORD FROM THE DATA BUFFER AND 
USES THIS WORD TO CREATE A SPECIAL JUMP SUBROUTINE INSTRUCTIGN. TEE ~ 
SUBRGUTINE IN TURN EXECUTES TERE CGMMAND READING ADDITIGNAL DATA WORDS | 
FROM THE BUFFER AS REGUIRED. 


1) INT: = MOV 4(R@)oR1 
2) | MOV ss CRI) +2 RE 
3) ASL RE 
4) ADD #JBUFs RE 
5) | | MOV CRED» RE 
6) SUB #INTILRE 
7 — MOV R2s INTI~-2 
By CLR RS 
9) JSR POY EXIT 
1g) INTI: . MOV  RI-4¢(RE) 
11) | TST R5 
12) > BEG INT 
13) RTS PC 





REMEMBER THAT REGISTER @ CONTAINS TEE ADDRESS GF THE FIRST | 
PARAMETER WORD GONTROLLING THRE DATA BUFFER. IN LINE 1 THEE DATA POINTER 
4ACRZ@) 1S MOVED TG REGISTER 1+ THEN THE COMMAND WGRD (RID+ IS MOVED 
FROM TKE DATA BUFFER TO REGISTER 23 AND THE DATA POINTER IN AUTG-INCRE- 
MENTED € LINE @ )« THE JUMP SUBROUTINE TERGUGEK TEE PROGRAM CGUNTER IN- 


STRUCTION € LINE S$ ) IS DECGDED BY THE ASSSEMBLER AS TWO WORDS - @&4767.4 


XXXXXXe TRE FIRST THREE DIGITS OF THE FIRST WORD (¢@4) INDICATE A JSR 
INSTRUCTION. THE FOURTE DIGIT (7) INDICATES THAT REGISTER 7 ( PC ) WILL 
BE TEE LINKAGE POINTER» THE FIFTK AND SIXTK DIGIT REPRESENT THE DESTI- 
NATIGN»s TRE FIFTE DIGIT SPECIFIES THE INDEX ADDRESSING MODE AND THE ~ 
SIXTE DIGIT INDIGATES THKAT TKE INDEX VALUE FGLLGWS THE INSTRUCTION. 


THE INDEX VALUE PLUS TERE PROGRAM COUNTER EQUALS TEE DESTINATIGN ADDRESS - 


IN LINES 3 - 6 TEE INDEX VALUE 15 CALCULATED USING TEESE FORMULAE: 
INDEX = SUBROUTINE ENTRY PT-#INTI 
SUBROUTINE ENTRY PT = #JBUF+CE*COMMAND WORD) 


TEE INDEX VALUE IS MOVED TG LGCATION INT-& ( LINE 7 )+- REGISTER 5 IS A 

DONE FLAG SET FGLLGOWING TKE GUTPUT COMMANDs, IT IS CLEARED INITIALLY 

€ LINE & )- THEE JUMP SUBROUTINE INSTRUCTIGN IS EXECUTED € LINE G )s THE 
PROGRAMEXECUTES THE APPROPRIATE SUBRGUTINEs AND RETURNS TO RESTORE TEE 

DATA BUFFER POINTER ( LINE 1@ )+« THE DONE FLAG ( RS ) IS TESTED ( LINE 

11 23 IF ZERG THE PROGRAM BRANCHES BACK AND READS THE NEXT COMMAND WORD 
( LINE 12 )»s OR RETURNS TO THE TIMING ROUTINE ( LINE 13 )- 


A CROSS-REFERENCE TABLE JBUF FOLLOWS TRE INTERPRETERe THE ENTRY 


POINTS FOR THE SUBROUTINES ARE STORED SEQUENTIALLY AND ARE ACCESSED. 
WITK THE COMMAND WORD. 
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ae5 TIMING CONTRGL SUBRGUTINES 
A aR He fe a a aie ak kc ak a 2 ah a a aa 2 2c a a a a a a ak ok ok oe ok a ok 


ce Sel SET TKE TIMIMG INTERVAL 
RRR AEE A A A a IO 


_COMMAND WORD @@ SETS THE TIMING INTERVAL ( SECOND WORD ON THE 
PARAMETER LIST ) EQUAL TO TEE NEXT WORD IN THE BUFFER. 


1) — SUBE@: MOV CRI) +s2¢(RE) 
2) | RTS PC 


€e5e2 ADD TO THE TIMING INTERVAL 
Fe OBIO OR iota aida ao 


COMMAND WORD @1 ADDS THE NEXT WORD IN THE DATA BUFFER T G THE 
TIMING INTERVAL - 


1) SUBZ1: ADD CRI) +2(RE> 


a) RTS PC 


$0563 SUBTRACT FROM TRE TIMING INTERVAL 
AEG GRE Ek 


COMMAND WORD @é SUBTRACTS TEE NEXT WORD IN THE DATA BUFFER FROM 
TRE TIMING INTERVAL« 


1) SUBZE: SUB (RID +02 6R@) 
Z) | RTS PC 


2-5-4 COMPLEMENT THE TIMING INTERVAL 
EEO OR RR ea ac doko IG ok abi AGE di ke 


COMMAND WORD ¢3 COMPLEMENTS THE TIMING INTERVAL» EQUIVALENT TG 
177777- TIMING INTERVAL + 


1) SUBZ3: COM 2(RE) 


2) RTS PG 
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e5e5 SHIFT THE TIMING INTERVAL RIGET 
ga oR Rk Rk aka kok ak kok kaka ok aa oka kok 


COMMAND WORD @4 SHIFTS THE TIMING INTERVAL TO THE RIGETs TEE 
MOST SIGNIFICANT BIT ¢ BIT 15 >) IS CLEAREDs EQUIVALENT TO TIMING 
INTERVAL/2 « | 


1)  -SUB@4: CLC 
Z) - -ROR 2(R2) 
3) RTS PC 


 GeSe6 SHIFT TRE TIMING INTERVAL LEFT 
2 a a a ak 2 a a aK a oo oi aa a a a a ak a ak ak ok ak ok a ak & 


COMMAND WORD @5 SKIFTS THE TIMING INTERVAL TG TRE LEFTs THE 
LEAST SIGNIFICANT BIT ( BIT @ ) IS CLEARED» EQUIVALENT TG 2* TIMING 
INTERVAL. | 


1) SUB@5: CLC 
é) | RGL 2 (Re) 
3) | RTS PG 


| COMMAND WORDS @6 AND @7 ARE NOT USED» THEREFORE TEEY ARE CROSS- 
REFERENCED TO TEE ERROR ROUTINE ERR IN JBUF. 
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€-6 DATA GUT SUBRGUTINES 
EA HHH A KK ER KA EE 


e601 SET THE DATA WORD 
stadladiedhilindiadiaiiatintiatiatiiaaatietindiadiniiataaeitaiias 


COMMAND WORD 12 SETS THE DATA WORD (€ FOURTH WORD IN THE PARA- 
METER LIST ) EQUAL TO TEE NEXT WORD IN TKE DATA BUFFER. 


1) SUBIZ: MOV (RID +s 6CRE) 
&) RTS PC 


Ge6e2 INCREMENT TEE DATA WGRD 
| Wa ae a a ak ob a oie a ae a a ok oe ok ak 2K ok ok a ok ak a ok HK 


COMMAND WORD 11 INCREMENTS TKE DATA WORDs EQUIVALENT TG DATA 


WORD+1. 
1) SUB11: INC 6(R@) 
8) RTS PC 


2e6e3 DECREMENT THE DATA WORD 
eG OR a io noi obi a a 4Ok 


COMMAND WORD 12 DECREMENTS THE DATA WORDs, EQUIVALENT TG DATA 
WORD-1.- | | 


1) SUBIZ: DEC (RE) 


a) RTS PC 





oe6e4 ADD TG THE DATA WORD 
KOK oR A ab ok OK 9K OK a OK 2K KE a Ee eR a ak 


COMMAND WORD 13 ADDS TEE NEXT WORD IN THE DATA BUFFER TG TEE 
TATA WORD. ) | | 


1) SUBI3: ADD CRI D+, 6CRZ) 
2) RTS PC 


@2e6e5 SUBTRACT FROM THE DATA WORD 
Aa ak a oe ak ak ae a a ok oe Kok Ke ok ok ob ao a a 


COMMAND WORD 14 SUBTRACTS THE NEXT WGRD IN THE DATA BUFFER 
FROM TEE DATA WORD. | | , 


1) SU514: SUB CRI Its 6CRE) 


a2 RTS PC 


—~ €+66+6 COMPLEMENT TEE DATA WGRD 


6 ER A a i a a a a a a a a a ok 


COMMAND WORD 15 COMPLEMENTS TRE DATA WORDs EQUIVALENT TG 
177777-DATA WORD. | | 


1) SUB15: COM 6(R@) 


2) RTS PC 


Tite 
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ee6e7 SHIFT THE DATA WORD RIGET 
SRR a a ok kaa ak a ako a a aK 


COMMAND WORD 16 SEIFTS TKE DATA WORD TO THE RIGHTs TEE MOST 
SIGNIFICANT BIT ¢ BIT 15 ) IS CLEARED» EQUIVALENT TG DATA WORD/2- 


BIT N BECOMES BIT N-! 


15 g 
, + 
~> BIT @ DROPPED 
$e we www em mw enw meen wna + . 
1) SUBI6: CLC 
a) ROR 6(R2) 
3) RTS PC 


Se6e8 SHIFT TEE DATA WORD LEFT 
TE OR AO RO AOR EE AE EK 


COMMAND WORD 17 SKIFTS THE DATA WORD TO THE LEFT» TKE LEAST 
SIGNIFICANT BIT ( BIT @ ) IS CLEARED» EQUIVALENT TO 2* DATA WORD. 


BIT N BECOMES BIT N+1 


15 g 
$e we wee mew mew mew ewe + | 
<~ ee ee | BIT 15 DROPPED 

Bees oo R 
1) SUBI7: CLC 
2) ROL 6CRZ) 
3) ) RTS PC 
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@e6e¢9 ROTATE THE DATA WORD RIGHT 
ofa Kk a a a a ai ak a a a a 6 a 6 oi a ab ak a ae ak ak a ak ok ak ake ak ak 


COMMAND WORD 2@ ROTATES TEE DATA WORD TO THRE RIGHT» SHIFTS 
THE BITS RIGET AND TEE LEAST SIGNIFICANT BIT € BIT @ ) IS ROTATED 
AROUND TG BECOME THE MOST SIGNIFICANT BIT ¢C BIT 15 you 


15 "4 
5 ee we ee ee + | 
“> 3 => BIT & BECOMES BIT 15 

hae ee oe om om me me me oe en oe om oe es |g a een +: : 
1) SUB2@: MOV 6(RZIsRE 
2) RGR RE 
3) ROR 6 CRE) 
4) RTS PC 


e601 ROTATE TEE DATA WORD LEFT 
saliadidiadiadilitadadiatiniadntiniaiiadiiintndiadidatiatiitatindiadaiiiiatas 


COMMAND WORD <1 ROTATES THE DATA WORD TO THE LEFT. SHIFTS THE 
BITS LEFT AND THE MOST SIGNIFICANT BIT € BIT 15 ) BECOMES THE LEAST 
SIGNIFICANT BIT ¢ BIT @ Daeuy: 


iS a ra 
Sc a aaa aaa ae + | | 
<- | | <- BIT 15 BECOMES BIT ¢ 
(oan emoaeaa Sas + 7 
1)  SUBeI: MOV 6(RE)2RE 
2) ROL RE 
3) ROL 6CRE) 
A) RTS PC 
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2e6e11 BIT CLEAR WITH DATA WORD 
NCE eB ae oe ae 2k a a a a a a a ok a oa a a a a ak a a 

COMMAND WORD €@ TAKES THE NEXT WORD IN TEE DATA BUFFER AND 
CLEARS EACH BIT IN THE DATA WORD WHICH CORRESPONDS TO A SET BIT IN THE 
FORMERs EQUIVALENT TO: 


DATA WORD= NEXT WORD IN BUFFER DATA WORD 


NEXT WORD IN BUFFER @ eee eel ee ei ee 
DATA WORD @ eve eel eel eei ee 
DATA WORD g¢ eee eee eel Clg 12) 
1) SUBz2: BIG CRI) +s 6CRE)D 
2) | RTS PC 


2.6012 BIT SET WITE DATA WORD 
sadiaadhadidiadiatiadiadialiadiaiiaiadiaiiatiatitetindialaiiniiiati 


COMMAND WORD €3 TAKES THE NEXT WORD IN THE DATA BUFFER AND SETS 


' TRE CORRESPONDING BITS IN TKE DATA WORDs EQUIVALENT TO: 


DATA WORD= NEXT WORD IN BUFFER “DATA WORD 


NEXT WORD IN BUFFER g gee e@i wig 711 1¢e¢ 

DATA WORD | @ gee vei e¢i ei eet 

DATA WGRD @ ge7g 771i 11 211 121 
1) SUBZ3: BIS (R1)+56CRE) 


@) RTS PC 





Ge6e13 XOR WITK DATA WGRD 
A A Ra a ak a a a a a a 


COMMAND WORD 24 TAKES THE NEXT WORD IN TEE DATA BUFFER AND 
EXCLUSIVE OR! S IT WITH TEE DATA WORD. 


NEXT WORD IN BUFFER @ eee e271 Cig 211 I¢ee 
DATA WORD @ @@g geil @@i eel eel 
DATA WORD | @ egg eve gil Gig 1@1 

1) ss SUBEA: MGV (RID + RE 

2) a XGR £2 6CRE) 

3) | RTS PC 


COMMAND WORDS 25s £6 AND &7 ARE NOT USED» THEREFORE THEY ARE 
CROSS-REFERENCED TG TKE ERROR RGUTINE ERR IN JBUF e 
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Se7 DATA IN SUBRGUTINES 
TK oi 2K ak i a afc aia oe ak ae a ap. oi a ok a aK ake ab: 


 @e7el INPUT DATA WORD 





260K oR ak oe a ak ak ok ak ake ak a ak ak i ae ak oe 


COMMAND WORD 3¢ CALLS THE INPUT ROUTINE AND SETS TKE DATA WORD 
EQUAL TO INPUT DATA ( IN REGISTER 2 


1) SUB3Z: JSR PC» IN 
Z) | : MOV R2s 6(RE) 
3) | RTS PC 


ee7eh ADD INPUT TG DATA WORD 
aR OO RR a ab ak a aia a ak 


COMMAND WORD 31 CALLS TEE INPUT ROUTINE AND ADDS TRE INPUT DATA 
TO TRE DATA WORD. | | 


1) SUB31: JSR PCs IN 
é) ADD RZs 6(RE) 
3) RTS PC 


$07¢3 SUBTRACT INPUT FROM DATA WORD 
. AR A AR A A a a A A 


COMMAND WORD 32 CALLS THE INPUT ROUTINE AND SUBTRACTS TEE INPUT 
DATA FROM THE DATA WORD. 


t 


1) SUBSE: JSR PC. IN 
&) | SUB ss RES OCRE) 


3) RTS PC 
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Mewe we, Beer ver On are ~ SL TS Ee OTS 
’ Sid testo) Se cea ‘ ee 


aeTed BIT CLEAR INPUT WITH DATA WORD 
Ae aE A GE a aaa Gia baa ok aOR aE OK 


COMMAND WORD 33 CALLS THE NEUE ROUTINE AND CLEARS EACH BIT IN 
THE DATA WGRD AS IN SUBES. 


1) SUB33: JSR PGs IN 
2) BIC RZs 6CRZ) 
3) RTS PC 


ee7e5 BIT SET INPUT WITE DATA WORD 
BR ee A A 


GCUMMAND WGRD 34 CALLS THE - INPUT ROUTINE AND SETS EACH BIT IN 
THE DATA WORD AS IN SUBE3 


1) SUB34: JSR = PCsIN 
2) BIS R&s6C(RE) 
3) | RTS PC 


&e7+6 XOR INPUT WITH DATA WORD 
SR A A A A A A A RA AE HE 


COMMAND WORD 35 CALLS TRE INPUT ROUTINE ane EXCLUSIVE OR' S TRE 
INPUT DATA WITK TEE ane WORD AS IN SUBE 4s | 


f 


1) SUB35: JSR PCsIN | 
2) XOR RE» 6(RE) 
3) RTS PC 


COMMAND WORDS 36 AND 37 ARE NOT USED» TKEREFORE TREY ARE CROSS- 
REFERENCED TO THE ERROR ROUTINE ERR IN JBUF- 


PAGE 44 





2 


ée& BUFFER CONTROL SUBROUTINES 
SE a a a ak a a a a a 2 ie a a a a a a a aa a 


aeSel LOGP ROUTINE 
OR RE a oe a ak a a a 


COMMAND WORD 4» THIS SUBROUTINE USES THE NEXT TEREE WORDS IN 
THE DATA BUFFER TO CREATE A REPEATING LOOP IN THE DATA BUFFER. THE 
THREE WORDS ARE: 


1. A COUNTER» INCREMENTED EACK REPETITION 
&. MAXIMUM NUMBER OF REPETITIONS 
3. PGINTER TG THE TOP OF THE LOOP 


EACH TIME A LGOP CGMMAND (47) IS ENCGUNTERED IN THE DATA BUFFER, 
TEE LOGP SUBRGUTINE FIRST COMPARES TKE COUNTER WITK TEE MAXIMUM NUMBER 
OF REPETITIONS (CLINE 1). IF TEE CGUNTER IS LESS TEAN TEE MAXIMUM NUMBER 
THE COUNTER IS INCREMENTED. THEE PGINTER TG DBUF .(TKIRD WORD IN THE PARA- 
METER LIST) IS UPDATED WITEK THE PGINTER TG THE TOP GF THE LOOPs AND 
RETURN TG THE INTERPRETER (LINES 3 - 5)+- IF THE CGUNTER IS EQUAL TO 
OR GREATER THAN TKE CGUNTER WE BRANCK TG LGGP 1 CLINE £2)» CLEAR THE 
CGUNTER CLINE 6)s STEP TKE DATA BUFFER POINTER (LINE 7)» AND RETURN TG 
THE INTERPRETER (LINE Bde ; | | : 


1D LGGP: CMP RID.2¢R1) 
a) BPL  _LGOPI 

3) INC. CRI) 

4) MOV 4CRIDRI 
5) | RTS PC 

6) LOGP1: CLR CRI) 

7) | ADD #60R! 

&) RTS: PC 


COMMAND WORDS 41-45 ARE NOT USEDs THEREFORE TEEY ARE CRGSS- 
REFERENCED TOG THE ERRGR ROUTINE ERR IN JBUFe THE ERRGR RGUTINE {5 IN 
REALITY TEE EXE ROUTINE ( SEE SECTIGN ZeGe 3 de 





eS PROGRAM CONTROL SUBROUTINES 
ais ak oko oie oe oie 2 2 OK ok a ie 2k akc abe aK ok a oF: a fe a ak ae ak oe ok oe ok ok 


GeSe1 INPUT ROUTINE 
errr r+ ert iS ttt ete tS Ss 


THE INPUT SUBROUTINE SERVICES TEESE FOURTEEN INPUT DEVICES: 


1-Se 
G-12. 


13% 
/ 14s 


DATA TABLES DEFINED BY USER 
ANALGG TG DIGITAL CONVERTERS 
REAL TIME INTERFACE 

RANDGM NUMBER GENERATGR 


THE FIRST PART GF THE INPUT ROUTINE RETRIEVES DATA FROM TEE 
TABLES ¢€ INPUT DEVICES 1-8 3 


1) ' IN: 


MOV 


CMP 


BPL 
MOV 


DEC © 


ASL 
ASL 
ASL 
ASL 
DEC 


ASL 


ADD 


CR) +5 RE 
Reef ll 
IN] 


CRID+4R3 
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13) ADD # TABLES» RE 
14). MOV CRE)sRE 
15) RTS = PC 

IN LINE 1 THE INPUT DEVICE NUMBER IS TRANSFERRED FROM TEE DATA 
BUFFER TO REGISTER I» AND TEE BUFFER POINTER INCREMENTED. IF TEE DEVICE 
NUMBER IS GREATER THAN 8 BRANCH TO INI ( LINES 2 AND 3 )« IF NGT MOVE 
TEE TABLE ENTRY NUMBER TO REGISTER 2 AND CALCULATE TRE LUCATION OF THE 
IATA ( LINES 4 TO 13 ) AS FOLLOWS: 

LOCATION= #TABLES+24#(ENTRY NUMBER-1)+16*( DEVICE NUMBER-1)_ 


FINALLY REGISTER & TRANSFGRMS ITSELF INTO THE REQUESTED DATA 
C LINE 14 ) AND WE RETURN TO THE CALLING SUBROUTINE ( LINE 15 )- 


TEE SECOND PART OF THE INPUT ROUTINE SERVICES TEE ANALOG TG 
DIGITAL CONVERTERS € INPUT DEVICES G- 12 3 


1) IN]: CMP =—--R2eW15 

2)  BPL INE 

3) "SUB #11sRe 

4) MOV R2s€#LEWCHA 
5) MOV €#LEWINJRE 
6) RTS PC 


AGAIN WE TEST TEE DEVICE NUMBER. IF GREATER THAN 12 BRANCE TG 
INé € LINES 1! AND @ >)» TRE CHANNEL ADDRESS IS CALCULATED AND MGVED TG 
THE CONTROL WORD LEWCHA ( LINES 3 AND 4 )- THE DATA APPEARS AT THE INPUT 
WORD LEWIN AND IS TRANSFERRED TG REGISTER &€ ¢€ LINE 5 )« WE RETURN TO THE 
CALLING SUBROUTINE ¢ LINE 6 de on 





a 


” 


THE THIRD PART GF THE INPUT ROUTINE SERVICES DON MCARTEUR'S REAL 
TIME INTERFACE ( A REGISTER LOADED FROM THE OUTSIDE WORLD USING TOGGLE 
SWITCHES» INPUT DEVICE NUMBER 13 ): i 


1 INZ: CMP REsH16 

2)  BPL INS 

3) MOV ¢#DONINGRE 
4) oats. oC 


A MODEL OF THE EFFICIENCY OF MEMGRY MAPPED 1/6. BUT FIRST WE 
TEST THE DEVICE NUMBER. IF GREATER THAN 13 BRANCK TG INS ( LINES 1 AND 
2 de IN A SINGLE LINE GF GODE THE DATA IS TRANSFERRED TG REGISTER & 
C LINES 3 ) AND WE RETURN TO THE CALLING SUBROUTINE ( LINE 4 )- GO6GD 
WORK DGN! | | _ 


THE FINAL SECTION OF THE INPUT ROUTINE IS A RANDOM NUMBER 
GENERATOR GF SORTS ( INPUT DEVICE 14 >: 


1) «INS: —s GMP REs#17 
e) BRL ING 
&) MOV TEMP. RE 
— | CLC _ 
5) ROL TEMP 

6) BCC RNDI 

7) INC Re 

8) RNDI: ROL TEMP +2 
g) BCC RNDZ 
12) INC RE 

PAGE 28 


eee aS ee ee 





11) RND2: ROL  TEMP+4 


12) BCC RND3 
13) INC RE 

14) RND3: ROL TEMP +6 
15) «BCG RNDA 
16) INC RE 

17) RND4: COM RE 

18) ADD Res TEMP 
19) MGV TEMP» RE 
eg) IN4: RTS PC 

21> TEMP: «WORD ° @+@s@o0 


TEST TEE DEVICE NUMBERs IF GREATER TKAN 14 RETURN TO THE CALLING 
PROGRAM VIA IN4 € LINES ls 2 AND 22 )- NGW WE PERFORM A LEFT SHIFT GN 
TEMP (€ A GIANT 64 BIT WORD )- THIS IS DONE IN FOUR STEPS OF SIXTEEN BITS 
FACK TERGUGE THE CARRY REGISTER (€ ! BIT Je © | 


$mmemewe + teannaenn a + taewrccee + 

“TEMP+6 <-TEMP+4 <-TEMP+2 <-TEMP 

$e enn we + teeewent teen ne $+ +tamenan + 
CA C3 “2 C1 


TEMP= TEMP + C=] D#CTEMP+C4t+O03+C24+01) 


THE INITIAL VALUE GF TEMP IS STGRED IN REGISTER & AND THRE CARRY 
REGISTER CLEARED ( LINES 3 AND 4 >). NGW THE SHIFTS ARE EXECUTED AND THE 
RESULTANT CARRYS ADDED TO REGISTER € ( LINES 5 - 16 )+« WE WRAP IT UP 
( LINES 17 AND 18 )s MGVE THE LOW ORDER BITS TO REGISTER & ( LINE 19 )os 
AND RETURN TO WHERE WE CAME FROM ( LINE 2@ )+ SPACE FOR TEMP IS CREATED 
WITK THE -WORD MACRO ( LINE 21 de | 





ZeSe& GUTPUT ROUTINE 
26K RoR ak aa a kak ok a 


COMMAND WORD 46 - TEE GUTPUT SUBRGUTINE SERVICES THESE FIFTEEN 
DEVICES: | | 


1-Ge | DIGITAL TG ANALGG CONVERTERS 


Ge RED 16:1 SELECT CEANNELS 

17. GREEN 16:1 SELECT CHANNELS 

lle BLUE 16:1 SELECT CHANNELS 

lac INVERSIGN REGISTER 

13- RED ALU ( ARITHMETIC LOGIC UNIT 2. 
14. GREEN ALU — ; i 


1Se BLUE ALU 


TERGUGH AN UNACCOUNTABLE MENTAL LAPSE GN MY PART» THE DATA 
BUFFERS CORRESPOND DIRECTLY TG TKE GUTPUT DEVICES: DATA BUFFERSETC 1-€ 
CONTROL TEE A/D'Ss DATA BUFFER $ CGNTRGLS TKE RED 16:1 SELECTs ETCe 
TEE FIRST PART OF TKE GUTPUT RGUTINE CONTRGLS TRE A/D'S: on 


1) OUT:  CMPB 9 TMRX.¥#11 
2) BRL our! 
3) MOVB = TMRXS RE 
4) «DEC RZ... 
5) MOV R226 #LEWCKA 
6) | MGV 6(RE)s @WLEWOUT 
7) | ING RS 
8) RTS PC 


IF TKE BUFFER NUMBER IS GREATER THAN & BRANCH TO OUTI ( LINES 1} 
AND @ )- IF NOT CALCULATE THE CHANNEL ADDRESS AND MOVE IT TG THE © 
CONTROL WORD LEWCHA (LINES 3 AND S&S )» NEXT MGVE TKE DATA TG TEE 
CUTPUT WGRD LEWGUTs SET TEE DONE FLAG ( REGISTER 5 )» AND RETURN TO THE 
CALLING PROGRAM ( LINES 6 - 86 )- | 
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TRE SECGND PART OF TEE ROUTINE CONTROLS MCARTEHUR'S 16:1 SELECTS 
AND INVERSION REGISTER: | 


1) OUT!: CMPB TMRXs #15 
B20 BPL OUTE 

3) MOVB = TMRXS RE 
4 SUB f115RE 

5) | ASL RE 

6) | ADD # DGNGUT. R2 
DD Mov 6CRE )s CRE) 
8) INC R5 

$) RTS PC 


IF THE BUFFER NUMBER IS GREATER THAN 12 BRANCH TO OUTE ( LINES 
1 AND 2 )« IF NOT CALCULATE THE OUTPUT ADDRESS ( LINES 3 - 6 ): | 


OUTPUT ADDRESS= #DONGUT+2*(TMRX-9) 


FINALLY WE TRANSFER TKE DATA WORD TO THE OUTPUT ADDRESSs SET THE 
‘DONE FLAG» AND RETURN TO THE CALLING PROGRAM ¢€ LINES 7 = ¢ de 


PART TEREE OF THE ROUTINE IS SIMILAR3 IT CONTROLS JEFF SCEIER'S 
ARITEMETIC LOGIC UNITS: eo | | : 


1) GUTE: CMPB TMRX» #22 
2) BPL GUTS 

3) MOVE TMRXs REZ 
4) SUB #15sR2 
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5) ASL RE a z 


6) ADD 7 # JEFGUTs RE 
7) MOV 6CRE Ds (RED 
8) GUTS: INC RS 
$) | RTS PC 


IF TEE BUFFER NUMBER IS GREATER THAN 15. GAME GVERs WE RETURN 
TG TRE CALLING PROGRAM VIA GUTS ( LINES 1» @» 8 AND $ )» IF NOT CALCU- 
LATE THE OUTPUT ADDRESS ( LINES 3 AND 4 ): . 

GUTPUT ADDRESS= #JEFOUT+HE* (TMRX-13) 


FINALLY WE OUTPUT TEE DATA WGRD»s SET TEE DONE FLAG» AND RETURN ( LINES 
7-5). : 


GeGe3 EXIT ROUTINE 


WEE OR AR oe a AK aE OF ak a ak ab ok ok 


COMMAND WGRD 47 - THIS SUBROUTINE IS INVGKED OVERTLY BY COMMAND 


WORD 47 AND COVERTLY BY @6s €75 £59 265 275 36+ 372 Als 42s 4350 44 AND 
45- IT ENDS TEE PROGRAM IN A RELATIVELY PAINLESS MANNER AND RETURNS 
CONTROL TG THE ‘SYSTEM MONITOR: 

1> ERR: 


a) EXIT: EXIT 
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CHAPTER 3 7 DESGRIPTIGN GF DATA BUFFERS 
RI CRI a ak A a i a ae a a a oa a aR a a a ak aka ak a ak ac ak ae a a a ab 


3e] SOFTWARE CGNFIGURATION 
qa GOO aR ak aka kok aga 


LOCATION 
172 


1g@e@e 
1146 
1346 
1472 
1536 
1656 
1664 
1672 
17¢@ 
1726 
1716 
1726 


LABEL 


SUBSE: 


 SUBE3:3 


SUBE4?: 
GUT: 


 SUBSZ: 


SUBS1: 
SUBSE: 
SUB33: 


SUBS4: 


SUB35: 
IN: 
LGGP: 
BXITs 


FUNCTION 
INTERRUPT VECTOR. 


INITIALIZATIGN 

CONTRGL WORDS FOR DATA BUFFERS 

TIMING ROUTINE 

INTERPRETER | 

COMMAND WORD. TO SUBROUTINE CROSS-REFERENCE 
TIMING CONTROL SUBROUTINES 


DATA GUT SUBROUTINES 


GUTPUT ROUTINE. 
DATA IN SUBROUTINES 


INPUT ROUTINE 
LOGP ROUTINE 
EXIT ROUTINE 
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2541 TBLI: TABLES 
£741 | EBUF: ENABLE BUFFER 
2751 | DBUFI: DATA BUFFERS 


16777@ LEWSTA: STATUS WORD 
167772 LEWOUT: GUTPUT WORD. 
167774 LEWIN: INPUT WORD | 
167776 LEWCHA: CEANNEL ADDRESS 


171@4@ GONGUT: RED 16:1 SELECT 


171@ 42 GREEN 16:1 SELECT 
171744 BLUE 16:1 SELECT 
171€46 INVERSION REGISTER 
1711@@ JEFOUT: RED ALY 
1711¢2 GREEN ALU 


17114 BLUE ALU 

17151@ LEDS: LED DISPLAY 

171622 DONIN: REAL-TIME INPUT 

171776 DONSTA: STATUS REGISTER 

THE DATA BUFFERS» BEGINNING AT LOCATION £541» BECOME A SEPERATE 
PROGRAM WHICH I$ LINKED TO THE MAIN PROGRAM BY THE SYSTEM LOADER BEFORE 
EXECUTION. FIRST WE ESTABLISH TEE GLOBALS IDENTIFYING TKE LABELS COMMON 
TO BOTK TKE MAIN PROGRAM AND THE DATA PROGRAM: 


eGLGBAL TABLES» EBUF.s DBUF 
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3e2 TABLES 
er. S 5 er 


THERE ARE EIGET.TABLES OF SIXTEEN WORDS ( 8#16= 128 )» THE 
FOLLGWING SEQUENCE OF CODE WILL RESERVE MEMORY FOR TEE TABLES: 


1) TABLES : 
a) TBLI: 
3) += TABLES +2¢ 
4) TBLE: 
5) + = TABLES +4@ 
6) TBL3: 
7 + =TABLES+6¢ 
&) TBL4: 
9) _ + =TABLES+10¢ 
1g) TBLS: 
11) +=TABLES+12¢_ 
le) | TBL6: 
13) | +=TABLES+1 42 
14) TBL7: 
15) += TABLES +1 6¢ 
16) TELE: | 
17) - +=TABLES +22¢ 


NOTE THE FIRST TWO LABELS ARE SYNGNYMGUS ( TABLES AND TABL1> 
LINES 1 AND € ) FOR CONVENIENCE. AFTER EACH TABLE KEADING ( TBLIl»s TBLE.s 
ETC >) A BLOCK OF SIXTEEN WORDS IS RESERVED BY SETTING THE PROGRAM 
COUNTER € - ) TO THE NEXT KEADING GR LABEL (LINE 3s ETC )e 
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303 THE ENABLE BUFFER 
ARK oh 2 2 oi ae aK oi a 2K ok ak ok dK ok 


FOLLOWING TRE TABLES IS THE ENABLE BUFFER ( EBUF )» A SHORT 
BUFFER OF SIXTEEN BYTES ( 8 WORDS ) SET @ FOR AN INACTIVE BUFFER» AND 
1 FOR AN ACTIVE BUFFER. 


1) EBUF:  eBYTE Cols le ls lols o 
> — BYTE) Lololoals@sel ol oe 
3)  s SEBUF +12 


IN THE EXAMPLE ONLY BUFFERS Ss 1f5 11 AND 12 ARE ACTIVE AND THE 
REMAINDER INACTIVE. THE BLOCK GF EIGHT WORDS IS CREATED ( LINES 1 AND 2) 
AND THE PROGRAM COUNTER SET TO THE NEXT LABEL ( LINE 3 )« 
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3¢4 DATA BUFFERS 
9G A a a A ROR OR a 


“ 


NOW WE RESERVE MEMORY FOR THE SIXTEEN DATA BUFFERS AS FOLLOWS : 


1)  DBUF: 
é2 DGUF1: 
3 +=DBUF+4e¢@ 
4) DBUFE: 
5) + =DBUF +1@2¢ 
6) DBUFS : . 
7) °=DBUF+1 422 
8) DBUFA: 
S$) +=DBUF+2¢e2 
12) DBUFS: 
11) i + =DBUF+24e¢ 
1g) DBUF6: ~ 
13) +=DBUF +3¢¢@ 
14) DBUF 7: 
15) +=DBUF +3 4¢@ 
16) DBUFS&: 
17) + =DBUF +4@@2 
18) DBUFS : 
19) oe SDBUF +440 ¢ 
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2) DBUFI2: 


a1) +=DBUF+S@20 
£2) DBUFI1: 
23) +=DBUF+542¢ 
24) DBUFIC: 
(25) — se BDBUF +62 ¢¢ 
26) DBUF13: 
£7) ss DBUF+64gg7 
28) DBUFI4: | 
6g) | e=DBUFT+72¢° 
32) DBUFI5: 
31) +=DBUF+74¢@° 
32) DBUF16: 
33) oe -=DBUF+IZeeee 
34) » END TABLES 


AGAIN TKE FIRST TWO LABELS ( DBUF AND DBUFI» LINES | AND @) | 
ARE SYNGNYMOUS- AFTER EACK BUFFER HEADING ( DBUFl» DBUF&s ETC >) A BLOCK 
OF ONE RUNDRED AND TWENTY- EIGHT WORDS IS RESERVED B4@-@s1@@@-sL1¢1 


+120 eee eee km we 
+e ok a 
Ok * O* * 
* * * * x O* 
* x * % x *- 
A , ee Soe ee ee ee eee 
x * * * >. a 
2% * x x * + 
x * * * * x % 
o* 7 *% a 2k 
-“[7v owen ene Howe ese ne oe ee eenne kone 
T=¢@ T = 16 FIELDS 
g ] 


DELTA T= 1 FIELD 











( ‘ 


CHAPTER 4 - PROGRAMMING TECENIQUES 
aR OK rR GOR a dab a a a ear 


4e1 CREATING TABLES 
36 2 oi aK oo aa oo oe ok ob ok oo 


4elel A SAMPLE TABLE 


SEK Se oR 2 aie ae oe a oo a oe ok oe a a oe a a ok 


TABLES ARE FILLED IN AS ILLUSTRATED IN THIS EXAMPLE: 


1) TBLI: WORD 14212 
ey — eWORD «177777 
3). | +WORD 167356 
A) +WORD 156735 
5) “WORD 146314 
6) *WORD 135673 
7) | +WORD 125252 
g) *WORD = 11.4631 
Gy *WORD 73567 
1g) +WORD 631-46 
11) +WORD 52525 
12) eWORD 42124 
13) WORD 31463 
14) | +WORD £1242 
15) -WORD «1G421 
16) *wORD ¢ 
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Cy 


) 


TEIS TABLE CONTAINS TEE SIMPLEST BAR PATTERNS AVAILABLE GN 


BON MCARTEUR'S 


LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 16 


ot eee OM OU G1) ~~ 


ina 
f& am 


fives 
qn 


16:1 SELECT MODULES « 


“REPRESENTS A SOLID FIELD 

-TWO HORIZONTAL BARS | 

-~FGUR KORIZGNTAL BARS 

-EIGET HGRIZONTAL BARS 

“SIXTEEN KGRIZONTAL BARS 

-TEIRTY-TWO KGRIZONTAL BARS 

-SIXTY-FOGUR HORIZONTAL BARS 

-ONE KRUNDRED AND TWENTY-EIGHT HORIZONTAL BARS 
-TWG VERTICAL BARS 

-FGUR VERTICAL BARS 

“EIGHT VERTICAL BARS 

“SIXTEEN VERTICAL BARS 

~TKIRTY-TWG VERTICAL BARS 

“-SIXTY-FOGUR VERTICAL BARS 

-ONE EUNDRED AND TWENTY-EIGHT VERTICAL BARS 
“TWG KUNDRED AND FIFTY-SIX VERTICAL BARS 


GTHKER TABLES ARE USEFUL» SHADED BAR PATTERNS» CROSSHATCH 


PATTERNS AND MASKS FOR EXAMPLE. 
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4-2 CREATING A DATA BUFFER 
sei OR a a a dk ka ok tok ab bao ak 


4efel A SAMPLE BUFFER 
ac aK 2k 6 ak ak ak a a oi oe oie oie a oe a aie oe ok ok 


AN EXAMPLE GF A REAL DATA BUFFER FGLLGWS: 


1) -DBUFS: WORD @s6@- | 
a) WORD 143122 ” 
3) + WORD 46 

4) LS@ 1. WGRD 13,1242) 

5) *WORD 46 | 

6) WORD = AGs G4 7779 LSE 


7) eWORD 47 


TEE DATA BUFFER IS FILLED WITEK A SEQUENCE GF COMMAND WGRDS USED 

BY TRE MAIN PROGRAM TO CGNTRGLs IN THIS EXAMPLEs TEE MCARTHUR RED 16:1 
SELECT MODULE.- FIRST THE TIMING INTERVAL IS SET TO 1 SEC ( 6@ FIELDS» 
LINE I )»« THE COMMAND WORD IS @» THE INTERVAL IS 6%-s THE PERIOD © 
INDICATING A DECIMAL RATHER THAN AN OCTAL NUMBER- THE COMMAND 1¢ SETS 
THE DATA EQUAL TO THE OCTAL NUMBER 3172 ( LINE 2 )« FINALLY A 46 CAUSES 
TEE DATA TG BE TRANSFERRED TG THE BUFFER MEMORY-e TEKE MAIN PROGRAM GOES 
ON TO TRE NEXT BUFFER AND WILL NOT RETURN TG TEIS BUFFER FOR ANOTHER 6¢ 
INTERRUPTS OR 1 SEC+ WHEN IT BDGES RETURN ( TG LINE 4 ) IT ADDS THE GCTAL 
NUMBER 142] TO THE DATA AND TRANSFERS TEE SUM TG THE BUFFER MEMORY 

¢ LINE 5 )-» AGAIN THE MAIN PROGRAM RETURNS AFTER 1 SEC- IT RETURNS 
TG LINE 6 AND FINDS TEE LOGP COMMAND 47. INITIALLY THEE CGUNTER IS @» TEE 
NUMBER GF TIMES THRGUGK TEE LOGP WILL BE 777 OCTALs AND TKE DATA BUFFER 
POINTER WILL BE SET BACK TG LS@1l+ THE MAIN PROGRAM WILL REPEAT LINES 4- 
6 777 GCTAL TIMES AND TEEN EXPIRES € LINE 7 )- 
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4e3 PROGRAMMING THE DIGITAL TG ANALOG CGNVERTERS 
salient ate diediatadidiaediaintiidtatadidindnditaindiitadaiediatadiilatadiaiaiieta 


4e>3e] PROTOCGL 
2 i a ak ak a a 


NOW FGR SOME SIMPLE ¢ MINDED ) EXAMPLES GF PRGGRAMMING TECK- 
NIQUES-« THE EASIEST DEVICES TO PROGRAM ARE THE D/A CONVERTERS (¢ OUTPUT 
DEVICES 1-8 ) WHICK TRANSLATE A NUMBER INTG A CONTROL VOLTAGE: 


1777#*= 412 


lg@g*e = eV 
Gee = -12V 
** - LOW ORDER BITS @- 5 NOT USED 


4e3ea A SIMPLE RAMP 
FER aE OE kK BE aK KK 


| 1) Zs 6G « 

& 17s? 

3) | 46 

4) Li¢i: 132122 

3) | 46 

6) | 4@32@317765L121 
NL 
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CER 8G Hae eR * 


qv -- 22+ -e#- 5 - ee 


tS A 


124 SEC 


~J 
li 

mR 

~J 
it 


DELTA T= 1 SEC 
DELTA U= 20/1024 V 
DURATION = 124 SEC 


AMPLITUDE= 2@V PP 


IN LINE 1.WE SET THEE TIMING INTERVAL TG 6@ FIELDS GR 1 SEC. 
WE SET THE D/A TO -1@V € LINE & ) AND OUTPUT TRIS. VALUE TCG THE D/A - 
( LINE 3 ++ NOW WE CONSTRUCT A LOGP ( LINES 4-6 )+ THE LABEL Li@1 
SETS TEE TOP OF THE LOOP» THE COMMANDS TO BE REPEATED ARE ADD 1@@ GCTAL 
TG THE DATA AND OUTPUT THE NEW VALUE TO THE D/Ae THIS I5 I 
1776 TIMES. 
A SIMPLE METKOD FGR UNDERSTANDING A LOOP IS A TABLE: 


# REPEATS GLD DATA NEW DATA 

1 g Gg +i¢@?v= i¢¢ 
E 1¢@ | 1@@t+igZ@= see 
3 27¢  e¢er+igeg= 3¢¢2 
4 3¢@ 3@@+1g@¢= agg 
5 AG? - agg+iez= sev¢ 
6 572 S@Vtigg= 67¢ 
7 62e | | 6@@t+1@e@= 722 
g 


7¢@  - Wwetiee=1eee 
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4e3¢3 A REPEATING SAWTOOTH 
aa ook a obo qk aa ak 


|) . Fs] 
 €) L1I@1l: 12s 
3 46 
4) Liga: 13,1¢¢¢@ 
5) 46 
6) | Ase @s i 7s Lie 
7) 4@oPs 12 -+LIiZ1 | | 
t1¢V Satetetaietebeedel, tte Hone ee ene tne nn 
eK * as 
* * * ok * 
* * : * a 
| * * * * * - 
gu aietatetedtebeteel, teleteted, taletete, collated tote toler | 
x ot “i a ae * 1 *. 
* * *- * x * 
* ook * a ae * OK 
* | *x *K eK 
“17VU 5 ees eee eee ees 
T=¢ T = 16 FIELDS 
; , 


DELTA T= 1 FIELD» 
DELTA V= 1-25V 
FREGUENCY= APPROX 4 HZ 


AMPLITUDE= 2¢@V PP 
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TEIS COULD BE A NEGATIVE GOING SAWTOOTH: 


1) Got 
a) Ligi: 1@61777¢¢ 
3) 46 
4) LI@2: 14.1¢¢¢ 
) ne 46 
6) A@ sol TsLig7e 
‘oD 1457702 
8) | 46 
9) A o@o1CPE Too LCI 


- IN BOTH EXAMPLES A PAIR OF NESTED LGOPS IS USEDs A LOOP LI@1 
REPEATS TEE BASIG WAVE FORM 1¢.¢¢¢ TIMES € LINES @-¢ ) AND EOP LIZs 
BUILDS THE WAVEFORM ( LINES 4-6 ). 

THERE IS A SIMPLER WAY OF BUILDING A SAWTOOTH WHICH USES i 
CPU’ '"S WRAP-AROUND FEATURE: 


oe fa 

é) Igoe 

3) 46 

A) LiGl: 13,1¢¢¢¢ 

5) 46 

> AGs@s20oL101 

7) | _ AG os 1LCEL os L IE! 


THIS PRODUCES EXACTLY TRE SAME WAVEFORM AS THE FIRST EXAMPLE. 
ON TRE SIXTEENTH REPETITION WE GET 17@@@¢+ 1@@@@= @» WHICK CGMPLETES 
THE INSIDE LOGP. TRE OUTSIDE LOGP REMAINS THE SAMEs 
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4e3e4 A REPEATING TRIANGLE 
ERR oR kak aR aaa ak ak 


a) 


3) 
4) 


LI¢1i: 


LI@G: 


Zs 
1Zs2 
46 


1351¢&¢¢¢ 


46 


AG s@o1TsLIG1 
1327722 

A6 

14.7722 

46 

La, ieee? 

46 

AG os TeLICe 


AG o@ol Cl -sL121 


PAGE 46 





41@V 


me ee ee oe ee oe oe oe oe Few www wwe wer www enw wwae aa anwa as 
x * * % 
* a % * 
* * 2k * 
* *. *. x 
QV 29 ween , Sleletetetete tated, toletata teeta ES aaa iataaes atte * 
*¥ | ae * 2k * 
* + + + * 
+ * 2 em * 
* * * % 
“1¢7V Bi ee we fe we ee ee ee ee Hew ee 
T= ¢ T = Ge FIELDS 
g I 


DELTA T= 1 FIELD 
DELTA v= 
FREGUENCY= APPRX 2 HZ 


AMPLITUDE= 2@V PP 


AGAIN TEE TIMING INTERVAL IS SET TG 1 FIELD AND THE D/A 


CONVERTER SET TO @V € LINES 1-3). 
REPEATS THE WAVEFGRM 1@@@ TIMES. 


PGSITIVE GOING SLOPE GF TRE. TRIANGLE ( LINES 4-6 )+« TEEN TEE PEAK OF 
1@ 2» THE SECGND INSIDE LOOP BUILDS 


THE TRIANGLE IS FGRMED ( LINES 7- 
TEE NEGATIVE SLOPE ( LINES 11- 13 


THE OUTSIDE LOGP (¢ LINES 4-14) 
TRE FIRST INSIDE LOGP BUILDS THE 


de 
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4e3e5 MAKING A SINE WAVE 
HEE A A A AH A EO 


le 


FIRST EXAMINE TEIS TABLE: 


+122 
+22@ 
+4e@ 
+1022 
+202 


+4@ee@ 


— +igeee 


” 


a 


La 


oF 


? 


i 
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1Z77¢¢2 
1177¢¢ 
1277¢¢ 
1377¢¢@ 
147722 


1577@? 


1677¢¢ 


173722 


—1757¢¢ 


1767@¢ 


177322 


1775¢@¢e 


1776¢2 


1777@@ 


F 


¥ 





() 


NEXT THE TABLE IS CODED AS FOLLOWS: 


LI@1: 


%o6- 
Igoe 
46 
13,12¢ 


46 


46 
13. 4¢¢@ 
46 
1341¢2@ 


46 


—13-2¢¢¢ 


A6 
13.4¢ee@ 

46 

131¢¢¢¢e 
46 | 
AG o@+14eL1€1 
13,4¢eee 


46 


PAGE 4S 





21) | 13,2¢¢e | 3 
22) 46 
£3) «13. 1e@e@ 
C4) Ab 
a5) 134 4??2 
26) A6 
@7) =13,e¢¢ 
ee) | 46 
eS ) 1321¢2 
Be) A6 
+12V ers 
: cate 
TT 
ee 
* 
gv ee ee eee 
* 
> 
eK 
-12V HAH owe eee eee 
T=@ T= 156 FIELDS 
g i 
DELTA T= 6 FIELDS 
DELTA V VARIES 
THIS IS TOGO MUCH WORK FOR A SINE WAVE» IMPROVEMENTS WILL BE 
MADEe AT TEIS POINT DEVELOPMENT STOPS. 
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CHAPTER 5 - SUMMARY 
OH a oR 3 i a 2 2 a oe oo oe ok OK ok OE 


Sel LIMITATIGNS GF PRESENT SOFTWARE 


4k IO i IC a a a i a a a a ak ok a a a a a a ak a a ae ae a a ae ak ak 


AS GBVIGUS TKE PROGRAM FAILS TG SATISFY TEE ORIGINAL DESIGN 
CRITERIAe TKE PROGRAM IS NOT INTERACTIVE. IT IS NOT CONCERNED WITH 
GRAPHIC DESIGN GR COMPOSITIGN. IT CANNGT REPRGGRAM ITSELF IN RESPONSE 
TO EXTERNAL STIMULAE- HOWEVER IT'S NGT A TOTAL LGSS3 TEE BASIC 


GROUNDWORK IS GGMPLETE. THE ELEMENTS OF TKE LANGUAGE GUTLINED IN 
_ APPENDICES A AND B ARE STILL BEYGND THE UNINITIATED. BUT» FRGM THESE 


ELEMENTS A HIGEER LEVEL LANGUAGE WILL BE CREATED. THIS NEW LANGUAGE WILL 


~ FACILITATE THE DIALGGUE BETWEEN TEE ARTIST AND THE PROGRAM ALLGWING HIM 


TG CREATE THE IMAGES AND SEQUENCES GF IMAGES IN A LANGUAGE KE UNDER- 
STANDS; A GRAPHIC DESIGN LANGUAGE. 

TEE PRESENT PROGRAM RUNS IN BATCH MODE. THAT IS» THE DATA MUST 
BE PREPARED BEFORE TKE PROGRAM IS RUNe THEN TEE MAIN PROGRAM AND THE 
TATA ARE LINKEDs LOADED AND FINALLY PROCESSED. IF TEE RESULTS ARE NOT 
QUITE AS EXPECTED ( TEE NGRM RATHER THAN THE EXCEPTIGN ) TEEN TEE WHGLE 
PROCESS MUST BE REPEATED; KARDLY INSTANT GRATIFICATIGNe 

AGAINs TEIS MGDE GF GPERATIGN IS GNLY TEMPGRARYS REAL-TIME 
INTERACTIGN WILL BE ADDED BY EXPANDING TKE INTERPRETER ROUTINE TG 
INCLUDE TEE ABILITY TG LISTEN AND TALK BACK. | 

IF THE PROGRAM LISTENS AND TALKS THEN IT CAN LEARN.e COMBINING 
TEE RANDOM NUMBER GENERATOR WITH A SIMPLE ALGORITHM FOR ANALYZING 
IMAGES WE CAN ENDOW TRE PROGRAM WITH A PERSONALITY (¢ OR SEVERAL PERSON- 
ALITIES )- 

BUT WHAT IS TEE LANGUAGE SPOKEN BY THE ARTIST AND THE PROGRAM? 
THAT' 'S A QUESTION FOR CONTINUING RESEARCH. 
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Sea PROPOSED SOFTWARE DEVELOPMENT 
ROR RR A A aR AR OR a a a i a a a ak a ak a ab ak ok 


PROPOSED Paeanan DEVELOPMENT INCLUDES: 


1. ADDING A TERMINAL INPUT AND OUTPUT ROUTINE TO TEE 
INTERPRETER. | 
&. ADDING MACRU COMMANDS INVOKING COMMAND WORD SEQUENCES. 
* ADDING A DATA BUFFER TO GUTPUT DEVICE CROSS-REFERENCE 
‘TABLE. 
4e _ ADDING EDITING COMMANDS TO MODIFY DATA BUFFER CONTENTS IN 
“REAL-TIME. — 
5+ ADDING CONDITIGNAL BRANCE COMMANDS. | 
6+ DESIGNING A EKIGHER LEVEL LANGUAGE HASED ON TEE ELEMENTS AND 
ATTRIBUTES OF GRAPHIC DESIGN. | 
7+ EXPANDING THE MANUAL GF PROGRAMMING TECHNIQUES. 
@. CREATING A PERSONALITY FOR THE PROGRAM ANTERGPOMGRPHI ZATION 
“ GF TEE PROGRAM. 


AND FINALLY I WILL ATTEMPT TG KEEP UP WITK THE BREAK-NECK PACE 
OF EARDWARE DEVELGPMENT 





APPENDIX A - COMMAND WORDS 


CoN 


$SET THE TIMING INTERVAL 


DIV @71IRSS DIVIDE | <R>  <R/S>. 
ASEH Z72RSS ARITEMETIC SHIFT | 
ASEC @73RSS SHIFT COMBINED 
FADD @75@@R FLGATING ADD 
FSUB @75@1R FLOATING SUBTRACT 
FMUL @75€2R FLOATING MULTIPLY 
FBIV @75@3R FLOATING DIVIDE 
BR @¢@?@47? BRANCH UNCONDITIGNAL 
BNE VZigg@? BRANCK IF ¢@5Z = @ 

BEG @Z14@@ BRANCH IF = @» Z= 1 

BPL if@Z@@Z@Z BRANCH IF PLUS» N= ¢ 

BMI ig@g@a4¢e? BRANCH IF MINUS» N= 1 . 
BUC 1V2¢¢v?e BRANCH IF GVERFLGW CLEAR. vV= ? 
BUS 1Z247% BRANCH IF GVERFLGW SET» V= 1 
BOG 17@3@@@ BRANCH IF CARRY CLEAR. C= ¢ 
BCS 1g@347% BRANCH IF CARRY SETs C= 1 

BGE @ve7?7? BRANCK IF @, N UV= 2 

BLT ?vaa7e BRANCH IF ?, N v= } 

BGT @2@3s7¢@e BRANCH IF Po ZN Y= 

BLE Y7347@ BRANCK IF Qo ZN VI=] 

BEI 1@ig?@¢ BRANGH IF HIGHERs GC Z=¢ 

BLOGS igi4@@ BRANCH IF LGWER GR SAMEs C Z=1 
BEIS 1@3@@2 BRANCH IF HIGHER: GR SAME, C=@ 
BLG i@34@@ BRANCK IF LOWER» G=1 | 
JMP V7ZibDb JUMP PG <D> 
JSR f74RDD JUMP SUBROUTINE | 

RTS @?@@e?gR RETURN FROM SUBROUTINE 

MARK YZ64NN MARK 

SOB Q77RNN SUBTRACT 1 AND BRANCH IF gz 
EMT 174*** EMULATOR TRAP 

TRAP 1V4*** TRAP 

BPT V@7zgg@3 BREAKPOINT TRAP 
IOT Gz@e@ez@a INPUT/OUTPUT TRAP 
RTI 7@@@c<& RETURN FROM INTERRUPT 
RTT @¢@zggzg@6 RETURN FROM INTERRUPT» INKIBIT TRAP 
FALT geeeeeg HALT © 
WAIT @¢@z77zi WAIT FOR INTERRUPT 
RESET 7¢@evegs RESET BUS 
NOP 72@?@a4e NG GPERATIGN 
CLC @@Ve41 CLEAR C GC 6g 
CLY @7vgeae CLEAR V Vv ¢ 
CLZ Y2?@E44 CLEAR Z Zz ¢ 
CLN gggis¢ CLEAR N N @ 
ccc @@Ze57 CLEAR ALL 
SEC Vgvz6l SET C Cc 
SEV G@2@?e6ea SET V vot 
SEZ Q@lE64 SET Z zZ 1 
SEN @g@vge7e SET N N 1 
SCC @@@s77 SET ALL 
NEA REPORT 





dJoeN 


4-N 


a 


igoN 


1] 


I3oN 


14,N 


16 


17 


INTERVALS N» WHERE @<N<2e¢eee OCTAL 


TEE INTERVAL 


$ADD TO THE TIMING INTERVAL 
INTERVAL= INTERVAL4N 
$SUBTRACT FROM THE TIMING INTERVAL 
INTERVAL= INTERVAL-N 
SCOMPLEMENT THE TIMING INTERVAL 
INTERVAL= INTERVAL 177777 | 
SSHIFT THE TIMING INTERVAL RIGET 
INTERVAL= INTERVAL/2 
AN INTERVAL GF 1 SEC BECOMES 2 SEC. 
$SHIFT THE TIMING INTERVAL LEFT 
INTERVAL= INTERVAL*E 
AN INTERVAL GF 1 SEC BECOMES 2 SEC. 
3SET THE DATA WORD 
DATA= Ns» WHERE -1<N<2@@@@@ GCTAL 
SINCREMENT TEE DATA WORD 
DATA= DATAt1. 177777+1= g 
« $DECREMENT THE DATA WORD 
DATA= DATA=1s €-1=-177777 
3ADD TG THE DATA WORD 
DATA= DATA+N 
3SUBTRACT FROM THE DATA WORD. 
DATA= DATA-N | 
$COMPLEMENT THE DATA WORD 
DATA= DATA 177777 | 
$SHIFT THE DATA WORD RIGRT 
DATA= DATA/2 
SSHIFT TRE DATA WORD LEFT 
DATA= 2*DATA 
$ROTATE THE DATA WORD RIGHT 


15  ¢g 
| BIT N BECOMES BIT N-! 





IS THE NUMBER OF FIELDS TRE MAIN PROGRAM WAITS 
BEFORE RETRUN ING TO THE DATA BUFFER FOR THE NEXT CGMMAND WORD. 


BIT @ BECOMES BIT 15 
a] SROTATE THE DATA WORD LEFT 


15 _ 4 
: BIT N BECOMES BIT N+] 


pene | BIT 15 BECOMES BIT g 


Co.N 3BIT CLEAR DATA WORD WITE N 





| DATA= DATA (€ ND 


| DATA @ ile @@1 711 ere 111 = 65387 
7 ON - @ 17@ @@1 1@1 1ee e1e =e alsaz 


DATA «6s @ «@1@ 122 Gig Gig 121) = eeaees 
E3oN 3BIT SET DATA WORD WITE N 
DATA= DATA N 


DATA @ 312 121 @11 @1¢@ 111 
N g i¢g¢ 721 121 le? Ziz 


ios eR ag Boge he a eae OETA ge WY ee nie Sees LANG “ie ae ghee eo ey oe 


DATA @ 11@ 11 111 11@ 111 © @65767 
; | Shs N $XGR DATA WORD WITK N 


a DATA= DATA N = 





| DATA g 11g 1@1 @11 vig 111 
oe | N g@ 1@¢ £1 121 12¢@ eI¢ 


DATA Giz ig? it¢@ 11¢ 171 YE4665S 
oZeNis»sNe | SGET DATA 


WITH NI= 1 TO 8 AND N@= 1 TO 16 REGISTER & BECOMES THE 
VALUE CONTAINED IN TABLE N}. ENTRY N&- 


WITH NI= § TG 12 REGISTER & BECOMES THE VALUE SENSED By 
ANALOG TO DIGITAL CONVERTER NI | 


WITH NI= 13 REGISTER 2 BECOMES THE VALUE SENSED BY TEE REAL- 
TIME INTERFACE. a | 


WITE NI=14 REGISTER 2 IS SET BY THE RANDOM NUMBER GENERATER- 


IF Nl= $ TO 14 THEN N2 IS NOT USED AND TEE COMMAND TAKES THE 


_ SISN1SN2 *+GET NEW DATA AND ADD TG GLD DATA 


COMBINES GOMMANDS 3¢ AND 31. 


S2sN15N2 $GET NEW DATA AND SUBTRACT FROM GLD DATA 
~~ COMBINES COMMANDS 3¢ AND 14. 
33NI.N2 3GET NEW DATA AND BIT CLEAR WITE OLD DATA 


COMBINES COMMANDS 3¢ AND. 22. 


S4eN1 NG _ $GET NEW DATA AND BIT SET WITE GLD DATA 








| ‘COMBINES COMMANDS 32 AND 23. 
S5sN1sNE _ $GET NEW DATA AND XOR WITH GLD DATA 

COMBINES COMMANDS 3¢ AND 24. 
““ a@sNIsNZsLABEL $LOGP COMMAND — 

TEE PROGRAM IS SET TO REPEAT A SEQUENCE GF COMMANDS WHERE: 
ee NI - @» USED AS A CGUNTER BY PROGRAM 

NE - @ TG 177777» NUMBER OF REPETITIONS 

LABEL - PGINTER TO TOP GF LOOP | 


EXAMPLE GF A SINGLE LOOP: 


1) LABEL]: COMMAND 
B) COMMAND 
3) 7 | | Ass 1@¢ os LABEL) 


EXAMPLE GF A NESTED LGOGPS: 


1) LABELI: COMMAND 
2) LABELS: COMMAND 
3) COMMAND 
A) | AG + fois LABELS 
i) ae A@s@s 2G os LABEL! 
EXAMPLE OF MULTIPLE LOOPS: 
1) LABELI: COMMAND 
2) COMMAND 
73) AG ss 1G +sLABEL! 
A) - LABELZ: COMMAND 
5) COMMAND 
6) _ AG @s1@@+sLABELE 
7 AG s@s1@@ +s LABEL! 
46 SGUTPUT COMMAND 
THE DATA WORD CONTAINED IN THE PARAMETER LIST IS TRANSFERRED 
TO THE BUFFER MEMORY AND TEE MAIN PROGRAM GGES ON TO TEE NEXT DATA 
BUFFER+ | — | | 
“aT $THE EXIT COMMAND, THE END» FINIS 





NEA REPORT 


‘APPENDIX A - LSI-11 GPERATIGN CODES 


5B 
5S 
DD 
R 


MNEMON IC 


CLR(B) 
COMB) 
INC CB) 


DEC (CE ) 


NEG(B) 


TST CB 


ROR(B) 
ROL(B) 


ASR(B) | 


ASL(B) 
SWAB 


ADC (5B) 
SBC (CB) 
SXT 


MFPS 
MTPS 


MOV(B) 
CMP (B) 
ADD 
SUB 
BIT(B) 
BIC(B) 
BIS(B) 
XOR 


MUL 


Y FGR 


WORDs 


FOR BYTE 


~- SGURCE FIELD 6 BITS 
- DESTINATION FIELD 6 BITS 


- AND 


- INCLUSIVE GR 
- EXCLUSIVE ORs XOR 


- NOT 


+ GENERAL REGISTER 3 


BITS» G- 7. 


~ CONTENTS GF SGURCE 

- CONTENTS OF DESTINATIGN 
“CONTENTS OF REGISTER 
- BECOMES 


- SIGN CONDITION CODE |. 

~ ZERO CONDITIGN CODE 1 BIT 

- GVERFLGW CGNDITIN CODE 1! BIT. 
~- GARRY CGNDITIGN CGDE 1 BIT 


BZ61DD > 


OPCODE 
bz 5¢@ DD 
Bg 51DD 
Bg 52DD 
BY 53DD 
Bg 54DD 


BZ57DD 


BY 6¢ DD 
ROTATE 
B@6aDD 
BZ 63DD 
Ze sbv 


B@SsDp 
B?@56DD 
?@67DD 


1Z67DD 
1Z64SS 


BISSDD 
32 SS DG 
R6SSDD 
16SSDD 


B3SSDD 
BA4SSDD 
BSSSDD 
&74RDD 


@7@RSS 


INSTRUCTION 

CLEAR 

COMPLEMENT 

INCREMENT 

DECREMENT 

NEGATE 

TESTs SETS STATUS BITS 


ROTATE RIGHT 
LEFT ~ 

SHIFT RIGET 

SHIFT LEFT 

SWAP BYTES 


<0. D> 


ADD CARRY 
SUBTRAGT CARRY 
SIGN EXTEND 


MOVE BYTE FROM PS 
MOVE BYTE TG PS 


MOVE 
COMPARE 
ADD 
SUBTRACT 
BIT TEST 
BIT SET 
BIT SET 
XOR 


MULTIPLY. 


STATUS BITS 


STATUS BITS 


NGTES 

< D> g 

<D> < D> 

<DD> <B> +} 

<D> <D>-] 

<D> ~<p> 
<Cs D> 

<D> ¢€ 

E%*< D> 

<D> <DD>» +<C> 

<D> <D>-<C> 

& GR -! 

<D> PS 

PS <DD>" 

<D> <&> 

<S-D>sSETS 

<D> <S+D> 

<D> <D-S> 

<S D-sSETS 

<D> <¢€ S) De 

< D> <S b> 

< D> <R Do 

<R> <R*S> 


